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[57] ABSTRACT 

Disposed in an integrated circuit is a test circuit having: a 
plurality of tristate buffers each for supplying, in a test mode, 
a charging current to a stray capacitance of a corresponding 
wire on a printed circuit board through a corresponding 
signal terminal of the integrated circuit; and a plurality of 
exclusive-OR gates each for supplying a logical signal 
having a pulse width indicative of a time interval between an 
input transition time and an output transition time of a 
coircsponding tristate buffer. A difference in capacitance 
between a state where a signal terminal is being properly 
electrically connected to a wire on the printed circuit board 
and a state where the signal terminal is being improperly 
electrically connected thereto, is converted into a difference 
in pulse width of a logical signal, based on which a defective 
soldering of open failure in the signal terminal is detected. 

18 Claims, 5 Drawing Sheets 
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INTEGRATED CIRCUIT INCORPORATING A 
TEST CIRCUIT 

BACKGROUND OF THE INVENTION 
The present invention relates to an integrated circuit to be 
mounted on a printed circuit board (PC board), and more 
particularly to an integrated circuit incorporating a test 
circuit for detecting an open failure of a signal terminal of 
the integrated circuit 

A PC board on which a plurality of integrated circuits of 
lead insertion type are to be mounted, has a plurality of 
through-holes which respectively correspond to a plurality 
of leads (external terminals) of each integrated circuit, and 
a plurality of printed wires so formed in a pattern as to be 
electrically connected to die through-holes. The leads of the 
integrated circuits are inserted in the corresponding through- 
holes and all the lead insertion portions are soldered, thus 
providing electrical connection between the leads and the 
printed wires. However, such a PC board may present a 
defective soldering such as an open failure, a short failure or 
the like. The open failure refers to a fault resulting from a 
shortage of supplied solder or the like, in which a lead and 
the corresponding printed wire are undesirably electrically 
opened. The short failure refers to a fault resulting from an 
excess of supplied solder or the like, in which a plurality of 
printed wires are undesirably electrically short-circuited. 
Such a defective soldering may also take place when mere 
are mounted, on a PC board, integrated circuits formed by 
using another packaging technology such as surface mount 
technology. 

To detect a defective soldering of an integrated circuit on 
a PC board, an in-circuit tester has conventionally been 
used. More specifically, a plurality of probe pins of the 
in-drcuit tester are respectively brought into contact with 
the wires around an integrated circuit to be tested. Test data 
signals are supplied from probe pins to input terminals of the 
integrated circuit, signals supplied from the output terminals 
of the integrated circuit are latched, as test result signals, in 
the in-arcuit tester by another probe pins, and the signals 
thus latched are compared with expected values. From the 
result of comparison, it is judged whether or not there is a 
defective soldering. However, when a number of integrated 
circuits are mounted in high density on a single PC board 
and the PC board has multMayered wires, there are instances 
where probe pins cannot physically be brought into contact 
with wires. Thus, the use of such an m-circuit tester is 
becoming increasingly impossible. 

It is thus considered to utilize, for detection of a defective 
soldering, a boundary scan test (BST) technology disclosed 
in U.S. Pat No. 5,084,874 for example. According to the 
BST technology, a test circuit comprising a plurality of 
boundary scan cells (BSC) is disposed in each of two 
integrated circuits electrically connected to each other 
through a plurality of printed wires on a PC board. The test 
circuit incorporated in one integrated circuit, supplies test 
data signals to the printed wires through the corresponding 
output terminals of this integrated circuit The signals on the 
printed wires are latched, as test result signals, in the test 
circuit incorporated in the other integrated circuit, through 
the corresponding input terminals thereof. In a certain mode, 
all the BSCs are connected in series to one another. A scan 
operation allows the test data signals to be supplied and the 
test result signals to be observed. By comparing the test 
result signals with the test data signals, it is judged whether 
or not there is a defective soldering. 

However, the detection of a defective soldering using a 
BST technology of prior art is premised based on the fact 
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that each of two integrated circuits electrically connected to 
each other on a PC board, incorporates a test circuit com- 
prising a plurality of BSCs. Accordingly, if one integrated 
circuit does not incorporate a test circuit, a defective sot 

5 dering cannot cHsadvantageously be detected even though 
the other integrated circuit incorporates a test circuit 
Further, there are instances where a signal terminal of an 
integrated circuit is connected to a discrete active element 
such as a transistor, a diode or the like or a passive element 

1Q such as a transformer, a capacitor or the like which cannot 
incorporate a test circuit In such a case, even though the 
integrated circuit incorporates a test circuit, a defective 
soldering in a signal terminal of the integrated circuit cannot 
be detected. Accordingly, it has not been expected to detect, 
with a high performance, defective solderings on a whole PC 

15 board. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
integrated circuit incorporating a test circuit arranged such 

20 that an open failure of a signal terminal of the integrated 
circuit can be detected only by the test circuit mcorporated 
therein regardless of the elements to which the integrated 
circuit is electrically connected on a PC board. 
To achieve the object above-mentioned, the present 

23 invention is arranged to detect an open failure of a signal 
terminal of an integrated circuit based on a difference 
between the load capacitance of the signal terminal as 
properly electrically connected to a printed wire on a PC 
board and the load capacitance of the signal terminal as 

M improperly electrically connected thereto. 

Examples of a quantity indicative of the electric charac- 
teristics of a wire, include resistance, inductance and stray 
capacitance. Of these, the stray capacitance may preferably 
be selected because of easiness of measurement The rela- 

35 tionship between a charging current I(t) and a charging 
voltage V(t) when charging the stray capacitance C of a 
wire, is expressed according to the following equation: 

wherein t is time. Accordingly, a difference in stray capaci- 

40 tance can be detected in terms of a difference in charging 
time, a difference in charging current or a difference in 
charging voltage. Of these, a difference in charging time 
may preferably be selected because of easiness of measure- 
ment Thus, provision is made to detect an open failure of a 

45 signal terminal based on a difference in tune required for 
charging the stray capacitance. 

More specifically, there are disposed, in an integrated 
circuit, a plurality of tristate buffers each for supplying, in a 
test mode, a charging anient to the stray capacitance of the 

50 corresponding wire on a PC board through the correspond- 
ing signal terminal. The signal delay time of each of the 
plurality of tristate buffers reflects a difference in stray 
capacitance. Accordingly, there are disposed, in the inte- 
grated circuit, a plurality of exdusive-OR gates each for 

55 supplying a logical signal having a pulse width mdlcative of 
the time interval between the input transition time and 
output transition tune of the corresponding tristate buffer. 
According to the arrangement above-mentioned, an open 
failure can be detected regardless of the elements on the PC 

60 board to which the integrated circuit is connected. This 
advantageously produces the effect of detecting, with a high 
performance, defective solderings on the whole PC board. 

BRIEF DESCRIPTION OF THE DRAWINGS 

65 FIG. 1 is a circuit diagram illustrating an example of the 
arrangement of an integrated circuit according to the present 
invention; 
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FIG. 2 is a timing chart illustrating the test operation of cristate buffer 22a and the rise transition time of the output 

the integrated circuit in FIG. 1; signal DOa of the first tristate buffer 22a, The second 

nG.3isablodc<u*agramofancxarnpleofaPCboardon exclusive-OR gate 23b supplies a logical signal XORb 
which mounted are a plurality of circuit elements including having a pulse width indicative of the time interval between 

four integrated circuits, each incorporating a test circuit, in 5 the rise transition time of the input signal DI of the second 

each of which the arrangement in FIG. 1 is being extended; tristate buffer 22b and the rise transition time of the output 

FIG. 4 is a circuit diagram illustrating another example of ri SMl DOb of ^ tristate buffer 22b. The third 

the arrangement of the integrated circuit according to the exclusive-OR gate 23c supplies a logical signal XORc 

present invention* and having a pulse width indicative of the time interval between 

FIG. 5 is a timing chart fllustrating the test operation of 10 ^^^ n * C '^^f DI ?J* 

the integrated rircu* in FIG. 4. tnstate buffer 22c and I the nse transition time of the output 

^ signal DOc of the third tristate buffer 22c. 

DETAILED DESCRIPTION OF THE The AND gate 24 is arranged to supply a logical muM- 

INVENTION plication signal AND of the three logical signals XORa, 

With reference to the attached drawings, the following 15 XORb, XORc. The selector 25 is arranged to supply the 

description will discuss specific examples of an integrated logical multiplication signal AND when the test control 

circuit incorporating a test circuit according to the present si § nal TCTL designates a test mode (TCTL=1), and to 

invention supply an output signal of the first D-type flip-flop 21 when 

FIG. 1 shows an example of the arrangement of an M *»*«J ™ att °l signal TCTL designates a non-test mode 

integrated circuit 10 according to the present invention. In M CICTWJ), each of these signals being supplied, as a data 

FIG. 1. the integrated circuit 10 has first and second input signal, to the second D-type flip-flop 26 The second D-type 

terminals INI. DO. one output terminal OUT, and five test fa &P-Rop for latching the data signal 

terminals TDX TDO. TCTiTtCKI. TCK2. When the into- from me sde f> r 25 m ^chron^mwrdi the nse 

grated circuit 10 is mounted on a PC board, the three signal „ tran5 f on of a s f cond *f f°<* "g* JCK2 and for 

terminals INI. INZ OUT are electrically connected to the 25 f^"" 8 ' « a test resull signal TDO, the signal thus 
corresponding wires on the PC board by soldering. In FIG. 

1. C is the stray capacitance of each wire. Also shown in EK* 2 shows the test operation (TCTL=1) of the inte- 

FIG. 1 is an application logic 11 internally connected to the grated circuit 10 above-mentioned. It is now supposed that 

three terminals INI, IN2, OUT for achieving the original ^ foe two input terminals INI, IN2 are not defective in 

function of the integrated circuit 10. Interposed between the soldering, but the output terminal OUT has a defective 

application logic 11 and the output terminal OUT is a tristate soldering of open failure. When the first test clock signal 

buffer 12 for maintaining a high impedance output when a TCK1 xises at thn£ 11 ^ ^cal value of the test data 

test control signal TCTL designates a test mode (TCTb=l), si S Iial TD } ^ t*** set to 1, the output signal of the first 

and for transmitting a signal to the output tenninal OUT 35 I>-type flip-flop 21 changes in logical value from 0 to 1. 

from the application logic 11 when the test control signal Mart specifically, the input signal DI shared with the three 

TCTL designates a non-test mode (TCTL=0). In the tristate buffers 22a 22b, 22c rises. Since the two input 

example in FIG. 1, the number of the signal terminals is set terminals INI, IN2 are not defective in soldering, each of the 

to three for purposes of illustration, but this number is not ^ ^ second tristate buffers 22a, 22b supplies a weak 

limited to three. charging current to the corresponding stray capacitance C. 

A test circuit incorporated in the integrated circuit 10 in "° The signal dday time in the first tristate buffer 22a is equal 

FIG. 1. has first and second D-type flip-flops 21. 26, first, to the sum of the gate delay time Tg inherent in the buffer 

second and third tristate buffers 22a; 226, 22c, first, second and dm whe delay tmie TW <leper^ on the stray car^- 

and third exclusive-OR gates 23a, 236, 23c, one AND gate f^f^ T ^ 3 ^°^ es to * e second 

24 and one selector 25 buffer 226. On the other hand, since the output terminal 

n.= «„. r» «:„ n ->, • „„ . . „. fl T „ 45 OUT has a defective soldering of open failure, the third 

The first D-type rhp-nop 21 is an input Sip-flop for „ „ . T , f , j. 

latching a test daTsignMTDl in syncteomsm vridi tte rise t "f te ***** *» DC \ Stt %' ly * charging current to die 

transition of a first tSdock dgni TCK1 and for distrib- HS^^^'to ^tft]^^ 

uting the signal thus latched toletlure tiistate buffers 22a *J* ^f^^ ^ * *!~L J 8 

mi. .-_ ctn i .v . „ - „. ..„_,, ™ inherent in the buffer. More specifically, as shown m FIG. 2, 

22b, 22c. Shown in FIG. 1 is a common input signal DI so „„, , „•„.„, r,n~ -,/,k„ •>->.. 

entered into the three tristate buffers 22* 22b. 22c. ^^°"^T^^* f ^^^^^^ 

_ . „ , ~„ „ ^_ risen at time T2, the output signals DOa, DOb of the first and 

The first Instate buffer 22a supphes a signal DOa to fee swnAt ^ t ^ ba ^ 2 2c,22bdstatti^T3.AszK S ott, 

first input teniunal INI, the second tristate buffo- 22* each of the logical signals XORa, XORb supplied from the 

suppkes a signal DOb to the second inp* terrmnalIN2, and ^ ^ eMtosiv ^ 0R gates 23a, 236 has a pulse 

to tturd testate buffer supphes a signal DOc toflie 35 ^ rf T&fTw . logjcaidgnal XORc supplied form 

output terminal OUT. When the test oonteol ^alTCTL ^ ^ ^taMXR 23c hTa pulse width of Tg. 

^^natesates mode CTCTD=1), each of the first, second Tteis^og^wttopikatioz signal AND supplied form 

and third tristate buffers 22a, 226, 22c supphes a weak ^ ^ ^ ^^idth lengthTg. 
charging current to the stray capacitance C of the corre- 

spondmgwireonthePCr^ard through each of me 60 ^ <^y «mie Tw is expressed by the following 

tenninal INI, the second input terminal IN2 and the output equation; 

terminal OUT. When the test control signal TCTL designates Tw=oac 
a non-test mode (TCTL=0). each of the three tristate buffers 

22a, 22b, 22c maintains a high-impedance output The first wherein Tc is a delay time per unit capacitance and is for 

exclusive-OR gate 23a supplies a logical signal XORa 63 example set to 10 ns/pR In such a case, even though the stray 

having a pulse width indicative of the time interval between capacitance C is equal to 1 pF. there is produced a difference 

the rise transition time of the input signal DI of the first in time as long as 10 ns between the rise transition time T2 
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of the signal DOc and the rise transition time T3 of die fourth integrated circuit 10d are opened at signal terminals 

signals DOa, DOb. At time Tm between the times T2 and T3, of the PC board 5 through printed wires, but can be checked 

the second test clock signal TCK2 rises. At the time Tm, the for open failure. Another one signal terminal of the second 

logical value of the logical multiplication signal AND has integrated circuit 10b is connected to the transformer 16 

already become 0. Accordingly, the second D-type flip-flop 5 through a printed wire, another four signal terminals of the 

26 latches a logical value of 0. As a result, the test result second integrated circuit 10b are connected to the bases of 

signal TDO presents a logical value 0 indicative of an open the transistors 17 through printed wires, and another four 

failure. This test result signal TDO is observed at time T4. signal terminals of the third integrated circuit 10c are 

When neither the two input terminals INI, IN2 nor the connected to the anodes of the LEDs 19 through printed 

output terminal OUT are defective in soldering, the logical to wires. Each of the transformer 16, the transistors 17 and the 

value of the test result signal TDO at the time T4 becomes LCDs 19 is an element which cannot incorporate a test 

1 indicative of no open failure, as shown by an imaginary circuit However, these signal terminal can also be checked 

line (a two-dot chain line) in FIG. 2. for open failure. Another two signal terminals of the first 

As discussed in the foregoing, according to the integrated integrated circuit 10a and another two signal terminals of the 

circuit 10 in FIG. 1, it can be judged only by the test circuit 15 fourth integrated circuit lOd are connected to each other 

incorporated in the integrated circuit 10 whether or not there through printed wires, but can be checked for open failure, 

is a signal terminal presenting an open failure in the three Thus, the arrangement in FIG. 3 is considerably improved, 

signal terminals INLIN2, OUT. More specifically, there can as compared with the BST technology of prior art, in the 

readily be conducted a so-called GO/NG test relating to a performance of detecting soldering failures in the whole PC 

soldering failure of the integrated circuit 10 on the PC board. 20 board 5. 

FIG. 3 shows an example of a PC board on which FIG. 4 shows another example of the integrated circuit 

mounted are a plurality of circuit elements including four according to the present invention. An integrated circuit 30 

integrated circuits each according to the present invention. in FIG. 4 has first and second input terminals INI, IN2, one 

Mounted on a PC board 5 in FIG. 3 are first, second, third output terminal OUT, and four test terminals TDI, TDO, 

and fourth integrated circuits 10a 10b, 10c, lOd in each of 25 TCTL, TCLK. When the integrated circuit 30 is mounted on 

which the arrangement in FIG. 1 is being extended and each a PC board, the three signal terminals INI, IN2, OUT are 

of which incorporates a test circuit, a memory 15, a trans- electrically connected to the corresponding wires on the PC 

former 16, transistors 17, a digital/analogue converter board by soldering. In FIG. 4, C is the stray capacitance of 

(DAQ 18 and light emitting diodes (LEDs) 19. Each of the each wire. Also shown in FIG. 4 is an application logic 31 

four integrated circuits 10a, 10b, 10c, 10a* has six signal 30 internally connected to the three signal terminals INI, IN2, 

terminals and five test terminals TDI, TDO, TCTL, TCK1, OUT for achieving the original function of the integrated 

TCKZ The PC board 5 has seven signal terminals and five circuit 30. Interposed between the application logic 31 and 

test tiTminaU TDI, TDO, TCTL, TCK1, TCK2. A test the output terminal OUT is a tristate buffer 32 far maintain- 

control signal TCTL, a first test clock signal TCK1 and a ing a tn^-impedance output when the test control signal 

second test clock signal TCK2 which arc externally supplied 35 TCTL designates a test mode (TCTL=1), and for transmit- 

to the PC board 5, are supplied in parallel to each of the four ting a signal to the output terminal OUT from the application 

integrated circuits 10a, 10b, 10c, 10& When the test control logic 31 when the test control signal TCTL designates a 

signal TCTL designates a non-test mode (TCTL=0X the non-test mode (TCTL=0). In the example in FIG. 4, the 

selectors 25 (See FIG. 1) operate such that the total eight number of signal terminals is set to three for purposes of 

D-type flip-flops 21, 26 incorporated in the four integrated 40 illustration, but this number is not limited to three, 

circuits 10a, 10b, 10c, 10d are connected in series to one A test circuit incorporated in the integrated circuit 30 in 

another between the test data input terminal TDI and the test FIG. 4, has a first exdtisive-OR gate 41, a delay circuit 42, 

result output terminal TDO of the PC board 5 as shown in a first selector 43, second, third and fourth selectors 44a, 

FIG. 31 Each of the memory 15 and the DAC 18 is an 44b, 44c, firm, sixth and seventh selectors 45a, 45^ 45c, 

integrated circuit which incorporates no test circuit Each of 45 first, second and third D-type flip-flops 46a, 46b, 46c, first, 

the transformer 16, the transistors 17 and the LEDs 19 is an second and third tristate buffers 47a, 47b, 47c, and second, 

element which cannot incorporate a test circuit third and fourth exchisive-OR gates 48a, 4Sb, 48c 

In the PC board 5 in FIG. 3, mere arc conducted, by a scan The delay drcuit 42 is arranged to delay an externally 

operation (TCTL=0) likewise in the BSTT technology of prior supplied test dock signal TCLK by a piedetenmned period 
art, the entry of the test data signals to the four integrated so of time AT. The first exdusive-OR gate 41 is arranged to 

circuits 10a, 106, 10c, 10a* and the observation of the test supply, as an internal dock signal XOR, an exclusive logical 

result signals therefrom. At this time, a unique dock signal sum signal of the test dock signal TCLK and an output 

is externally supplied as each of the first test clock signal signal of the delay circuit 42. The first sdector43is arranged 

TCK1 and the second test dock signal TCKZ When the test to supply, to the three D-type flq>-flops 46a, 462* 46c, the 
control signal TCTL designating a test mode (TCTL=1) is 55 internal clock signal XOR supplied from the first exclusive- 

externally supplied to the PC board 5, there is executed an OR gate 41 when the test control signal TCTL designates a 

open failure test based on the stray capadtance of each of the test mode (TCTL=1), and the externally supplied test dock 

signal terminals of the four integrated circuits 10a, 10b, 10c, signal TCLK when the test control signal TCTL designates 

lOdL More specifically, two signal terminals of the first a non-test mode (TCTL=0). 

integrated circuit 10a, two signal terminals of the third 60 The second selector 44a is arranged to sdect, as a 

integrated circuit 10c and two signal terminals of the fourth self-generated test data signal, an inverted output signal of 

integrated circuit lOd are connected to the memory 15 the first D-type flip-flop 46a when the logical value of the 

through printed wires. The memory 15 does not incorporate test dock signal TCLK is 0, and a logical signal XORa 

a test circuit, but these signal terminals can be checked for supplied from the second exchisive-OR gate 48a when the 
open failure. Another two signal terminals of the first 65 logical value of the test dock signal TCLK is 1. The fifth 

integrated circuit 10a, one signal terminal of the second selector 45a is arranged to supply the signal selected by the 

integrated circuit 10b and another two signal terminals of the second selector 44a when the test control signal TCTL 
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designates a test mode (TCTb=l), and a non-inverted output the rise transition time of an input signal DIb of the second 

signal of the second D-type flip-flop 466 when the test tristate buffer 476 and the rise transition time of an output 

control signal TCTL designates a non-test mode (TCTb=0)< signal DOb of the second tristate buffer 476. The fourth 

each of these signals being supplied, as a data signal, to the exdusive-OR gate 48c supplies a logical signal XORc 

first D-type flip-flop 46a. The first D-type flip-flop 46a is 5 having a pulse width indicative of the time interval between 

arranged to latch the data signal supplied from the fifth the rise transition time of an input signal Die of the third 

selector 45* in synchronism with the rise transition of a tristate buffer 47c and the rise transition time of an output 

clocksignal supplied from the first selector 43 and to supply slg T ^ D ? c ^ e ^ d arp rrtnAl ^ 

the signal thus latched to the first tristate buffer 47a. A K m the integrated 30inHG. 4, there 

. ^ . ^ , c ~ i , fl . fl A , . by a scan operation (TCTL=0) likewise m the BST technol- 

non-inverted output of the first D-type flip-flop 46a is 10 J q{ ^ ^ ^ ^ ^ 

connected to the test result output terminal TOO. r>rype flip-flops 46a, 46b, 46c and the oServation of the 

The third selector 44* is arranged to select, as a self- test £ sult signals More specifically, when 

generated test data signal, an inverted output signal of the ^ ^ con!lol signal TCTL designates a non-test mode 

second D-type flip-flop 46fr when the logical valueof thetest (TC1XM)), there is formed a scan path from the test data 

clock signal TCLK is 0, and a logical signal XORb supplied 15 ^put terminal TDI to the test result output terminal TDO 

from the third exdusive-OR gate 486 when the logical value through the seventh selector 45c, the third D-type flip-flop 

of the test clock signal TCLK is 1. The sixth selector 456 is 46c, the sixth selector 456, the second D-type flip-flop 466, 

arranged to supply the signal selected by the third selector the fifth selector 45a and the first D-type flip-flop 46a. 

44b when the test control signal TCTL designates a test Further, the externally supplied test clock signal TCLK is 

mode (TCTb=l), and a non-inverted output signal of the 20 supplied, as a data shifting clock signal, to each of the three 

third D-type flip-flop 46c when the test control signal TCTL D-type flip-flops 46a, 466, 46c. 

designates a non-test mode (TCTL=0). each of these signals FIG. 5 shows the test operation (TCTL=1) of the inte- 

being supplied, as a data signal, to the second D-type grated circuit 30. It is now supposed mat the two input 

flip-flop 466. The second D-type flip-flop 466 is arranged to terminals INI, IN2 are not defective in soldering, but the 

latch a data signal supplied from the sixth selector 456 in 25 0Ut P ut terminal OUT has a defective soldering of open 

synchronism with the rise transition of a clock signal sup- Mu ! e - * * sussed that the logical values of 

P Hedfromme&stsdector43andtosupplymesignalthus ^^f^T* ^ °f ^ te t ^ fc fl ^ flo i» 

latched to the second tristate buffer 476 46a, 466, ^have previously been set to 0 by a scan 

generated test date signal, an inverted output signM of floe 30 of ^ three D-r^Tflip-flops 46a, 466, 46c arTr^spectively 

^^^i^^^^^l^^^^^ ^implied to the three D-type flip-flops 46a, 466, 46c as 

clock signal TCLK is 0, and a logical signal XORc supplied self-generated test data signals of which logical values are 

from the fourth exclusive-OR gate 48c when the logical equal to 1. 

value of the test dock signal TCLK is 1. The seventh The first exclusive-OR gate 41 and the delay circuit 42 

selector 45c is arranged to supply the signal selected by the 35 generate an internal clock signal XOR from the test clock 

fourth selector 44c when the test control signal TCTL signal TCLK As shown in FIG. 5, the generated internal 

designates a test mode (TCTL=1), and a signal externally clock signal XOR has a pulse PI having a width AT starting 

supplied through the test data input terminal TDI when the from the rise transition time of the test clock signal TCLK 

test control signal TCTL designates a non-test mode and a pulse P2 having a width AT starting from the fall 

(TCTL=0), each of these signals being supplied, as a data 40 transition time of the test clock signal TCLK. 

signal to the third D-type flip-flop 46c The third D-type When me test dock signal TCLK rises at time Tl, each of 

flip-flop 46c is arranged to latch a data signal supplied from the non-inverted output signals of the three D-type flip-flaps 

the seventh selector 45c in synchronism with the rise tran- 46a, 466, 46c changes in logical value from 0 to 1 in 

sition of a dock signal supplied from the first selector 43 and synchronism with the rise transition of the pulse PI of the 

to supply the signal thus latched to the third tristate buffer 45 internal dock signal XOR. That is, the input signals DIa, 

47c. DIb, Die of the three tristate buffers 47a, 47^ 47c rise. Since 

The first tristate buffer 47a is arranged to supply a signal the two input terminals INI, IN2 are not defective in 

DOa to the first input terminal INI, the second tristate buffer soldering, each of the first and second tristate buffers 47a, 

476 is arranged to supply a signal DOb to the second input 476 supplies a weak charging current to the corresponding 

terminal IN2, and the third tristate buffer 47c is arranged to so stray capacitance C The signal delay time in the first tristate 

supply a signal DOc to the output terminal OUT. When the buffer 47a is equal to the sum of the gate delay time Tg 

test control signal TCTL designates a test mode (TCTL =1), inherent in the buffer and the wire delay time Tw dependent 

the first second, third tristate buffers 47a, 476, 47c re spec- on the stray capacitance C of the wire. This also applies to 

tively supply weak charging currents to the stray capad- the second tristate buffer 476. On the other hand, since the 

tances C of the corresponding wires on the PC board through 55 output terminal OUT has a defective soldering of an open 

the first input terminal INI, the second input terminal IN2 failure, the third tristate buffer 47c does not supply a 

and the output terminal OUT, respectivdy. When the test charging current to the stray capacitance C Accordingly, the 

control signal TCTL designates a non-test mode (TCTL=0), signal delay time in the third tristate buffer 47c is equal to 

each of the three tristate buffers 47a, 476, 47c maintains a the gate delay time Tg inherent in the buffer. More 

Mgh-impedance output 60 specifically, as shown in FIG. 5, after the output signal DOc 

The second exdusive-OR gate 48a supplies a logical of the third tristate buffer 47c has risen, the output signals 

signal XORa having a pulse width indicative of the time DOa, DOb of me first and second tristate buffers 47a, 476 

interval between the rise transition time of an input signal rise. As a result, each of the logical signals XORa, XORb 

DIa of the first tristate buffer 47a and the rise transition time supplied from the first and second exdusive-OR gates 48a, 

of an output signal DOa of the first tristate buffer 47a. The 65 486 has a pulse width Tg+Tw, and the logical signal XORc 

third exdusive-OR gate 486 supplies a logical signal XORb supplied form the third exclusive-OR gate 48c has a pulse 

having a pulse width indicative of the time interval between width Tg. 
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When the test dock signal TCLK falls at the point of time internal circuit means internally connected to said plural- 

where a period of time ATI has passed from time Tl, the ity of signal tenoinals far achieving an original func- 

three logical signals XORa, XORb. XORc are respectively tion of said integrated circuit; and 

latched by the D-type flip-flops 46a, 46b, 46c. Here, the a tristate buffer interposed between said internal circuit 

following relationships are established: 5 means and an output terminal out of said plurality of 

_ A ,_ y _ signal terminals for maintaining a Wgh-impedance out- 

^ put when an externally supplied test control signal 

Accordingly, the logical value of the signal DIa becomes designates a test mode, and for transmitting a signal 

1 indicative of no open failure, the logical value of the signal from said internal circuit means to said output terminal 

DIb becomes 1 indicative of no open failure, and the logical 10 when said test control signal designates a non-test 

value of the signal Die becomes 0 indicative of an open mode. 

failure. These signals DIa, DIb, Die are observed through An integrated circuit according to daim 1, wherein said 

the test result output terminal TDO by a scan operation second circuit means comprises means for de te ct in g a defec- 

CTCTL=0). As shown in FIG. 5, when the test dock signal tive soldering of open failure in a signal t erm i nal out of said 

TCLK again rises at time T2 and men falls at the point of 15 plurality of signal terminals, based on a difference in time 

time where a period of time AT2 has further passed, the required for charging said stray capacitances, 

logical values of the signals DIa, DIb, Die are returned to 0. 5. An integrated circuit according to daim 1, wherein said 

Here, the following relationship is established: second circuit means comprises means for supplying a 

signal indicative of the presence or absence, in said plurality 

7g+7k<AT2 20 of signal terminals, of a signal terminal which presents a 

As discussed in the foregoing, according to the integrated defective soldering of open Mure. 

circuitaOinHG^^ispossibfctospedfy.oiilybythetest 6. An integrated circuit acc^g to cl^ 

circuit incorporated in thT integrated circuit 30, a signal second circuit means comprises means for supplying a 

terminal presenting an open failure out of the three signal „ which speafles, out of said plurality of signal 

terminals INI. DO. OUT This advantageously facilitates 25 tenmnals, a signal terminal which presents a defective 

the repair of a signal terminal presenting an open failure. soldering of open failure. 

Further, each of thTthree IMype flip-Aops 46^, 46b, 46c has 7 - iBte ^ ™f according to claim 2, further 

not only a function of an iitput flip-flop for entering a test com £' f ^S ™ latchmga test date agnaU 

data signal, but also a function of an output flip-flop for „ and fox distributing the test data sujnal thus latched to each 

sur^ying a test result signaLTMs reduces the test orcein 30 <rf said rJniahty of tas^ buffers^ 

size. Further, provision is made such that the first exclusive- 8 - ***** ""f*^ 10 ^f™ f>Jf hcr 

OR gate 41 and the delay circuit 42 generate an internal comprising a plurality of input flip-flops each for latching a 

clock signal XOR having a pulse PI for latching a test data corresponding test date signal, and for supplying the test 

signaled a pulse P2 for latching a test result signal. „ data signal thus latched to a cccesponding Instate buffer out 

Thexefcrc. it is advantageously suf^cnt to arfernaUy sup- of ^d rAurahry of tnstate buffers, 

ply only one test dock signal TCLK. 9 - integrated circuit according to claim 2. wherein said 

Each of the examples in FIGS. 1 and 4 is arranged to ciicmt means conmnses a plurality of logical gates 

conducttheentryofatestdatasignalandtheobservationof ?■* for supplymg a logical signal having a pulse width 

a test result signal by a scan operation likewise in a BST indicative of a urne interval between an mputtr^ontirne 

technology of prior art However, the present invention is 40 of a wmeqxmding tristate buffer out of said plurality of 

not limited to the foregoing. Further, the present invention instate buffers, and an output transition time of said corre- 

can be applied not only to a digital integrated circuit but also spradmg tristate bufler. 

to an analog integrated circuit 10. An integrated circuit according to daim 9, wherein 

What is claimed is: „ ^ drcuit ""^farther comprises: 

1. An integrated circuit to be mounted on a printed circuit an AND gate for supplying a logical multiplicat i o n signal 

board, comprising: of said logical signals supplied from said plurality of 

a plurality of signal terrmnals to be electrically connected logical gates; and 

to wires on said printed circuit board; an output flip-flop for latching said logical multiplication 

first circuit means for charging, through said plurality of 50 signal supplied from said AND gate, and for externally 

signal tennmals, stray capacitances of said wires on supplying the logic multiplication signal thus latched, 

said printed drcuit board; and 11. An integrated circuit according to claim 9, wherein 

second circuit means for checking said plurality of signal said secoiid draut me^ tofcer cornprises a P^dity °f 

terminals for proper dech^onnection to said^ output flip-flops each for j**mg » logical agnal supplied 

onsaidF^dr^tb^basedonadiifcrer^m 55 f° m a corresponding legate out of said phirahty of 

stray (apadtances charged by said first circuit means. ^'^^ externaU y ^PP 1 ^ me 
ZAnmtegWed^taccUing to daim 1, wherein said thus latched 

first circuit means cMnprises a^uraliry of tristate buffers . * ^JT^ ^ * * ™^ <>» a prmted 
each for supplying a charging current to stray capacitance of circuit board comprising. 

a corresponding wire on said printed circuit board through a 60 a plurality of signal terminals to be electrically connected 

corresponding signal tenninal out of said plurality of signal to wires on said printed circuit board; 

terminals when an externally supplied test control signal a plurality of tristate buffers each for surmrying a charging 

designates a test mode, and for maintaining a high- current to a stray caparitanre of a conespoiiding wire 

impedance output when said test control signal tt^gqat^c a ' on said printed circuit board through a corresponding 

non-test mode. 63 signal tenninal out of said plurality of signal terminals 

3. An integrated circuit according to claim 1, further when an externally supplied test control signal desig- 

comprising: nates a test mode, and for maintaining a high- 
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impedance output when said test control signal desig- 
nates a non-test mode; 

an input flip-flop for latching a test data signal in syn- 
chronism with a first test dock signal, and for distrib- 
uting the test data signal thus latched to each of said 5 
plurality of tristate buffers; 

a plurality of logical gates each for supplying a logical 
signal having a pulse width indicative of a time interval 
between an input transition time of a corresponding 
tristate buffer out of said plurality of tristate buffers, 10 
and an output transition time of said corresponding 
tristate buffer; 

an AND gate for supplying a logical multiplication signal 
of said logical signals supplied from said plurality of 15 
logical gates; and 

an output flip-flop for latching said logical multiplication 
signal supplied from said AND gate in synchronism 
with a second test clock signal, and for externally 
supplying the logical multiplication signal thus latched. 20 

13. An integrated circuit according to claim 12, further 
comprising: 

internal circuit means internally connected to said plural- 
ity of signal terminals for achieving an original func- 
tion of said integrated circuit; and 25 

a tristate buffer interposed between said internal circuit 
means and an output terminal out of said plurality of 
signal terminals for maintaining a high-impedance out- 
put when said test control signal designates a test mode, 
and for transmitting a signal from said internal circuit 30 
means to said output terminal when said test control 
signal designates a non-test mode. 

14. An integrated circuit according to claim 12. further 
comprising circuit means for connecting, in series, said input 
flip-flop and said output flip-flop to each other when said test 35 
control signal designates a non-test mode. 

15. An integrated circuit to be mounted on a printed 
circuit board comprising: 

a plurality of signal terminals to be electrically connected 
to wires on said printed circuit board; 

a plurality of tristate buffers each for supplying a charging 
current to a stray capacitance of a corresponding wire 
on said printed circuit board through a corresponding 
signal terminal out of said plurality of signal terrninals 4$ 
when an externally supplied test control signal desig- 
nates a test mode, and fox maintaining a high- 



40 



impedance output when said test control signal desig- 
nates a non-test mode; 

a plurality of logical gates each for supplying a logical 
signal having a pulse width indicative of a time interval 
between an input transition time of a corresponding 
tristate buffer out of said plurality of tristate buffers, 
and an output transition time of said corresponding 
tristate buffer, a delay circuit fox delaying an externally 
supplied test clock signal; 

an exclusive-OR gate for supplying, as an internal clock 
signal, an exclusive logical sum signal of said test clock 
signal and an output signal of said delay circuit; 

a plurality of selectors each for selecting, according to a 
logical value of said test clock signal either the logical 
signal supplied from a corresponding logical gate out of 
said plurality of logical gates or a self-generated test 
data signal; and 

a plurality of flip-flops each for latching, in synchronism 
with said internal clock signal supplied from said 
exclusive-OR gate, a signal selected by a correspond- 
ing selector out of said plurality of selectors, and for 
supplying said latched signal to a corresponding tristate 
buffer out of said plurality of tristate buffers. 

16. An integrated circuit according to claim 15, further 
comprising: 

internal circuit means internally connected to said plural- 
ity of signal terrninals for achieving an original func- 
tion of said integrated circuit; and 

a tristate buffer interposed between said internal circuit 
means and an output terminal out of said plurality of 
signal terminals for maintaining a high-impedance out- 
put when said test control signal designates a test mode, 
and for transmitting a signal from said internal circuit 
means to said output terminal when said test control 
signal designates a non-test mode. 

17. An integrated circuit according to claim 15, wherein 
each of said plurality of flip-flops further has a function of 
supplying, as said self-generated test data signal, an inverted 
signal of said latched signal to a corresponding selector out 
of said plurality of selectors, 

18. An integrated circuit according to claim 15, further 
comprising circuit means for connecting in series said 
plurality of flip-flops to one another when said test control 
signal designates a non-test mode. 



03/19/2004, EAST Version: 1.4.1 



